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ABSTRACT 
In twenty-five (25) male adult rats which had decal-
cified allogenic bone implants placed in mid-fibular gaps 
and kept on a low-fluoride casein diet (1 p~m- fluoride), 
the addition of 25 p.p.m. ·fluoride to the drinking water 
did not show any direct detectable relationship to the 
~ % ~alcium in the ashed implants or in ashed adjacent 
tibial bone, nor in the percent ash content. 
Neither did the fluoride enhance or inhibit the suc-
cess of the implants. For all implants did calcify and 
only one control mid-fibular gap closed on its own. It 
is our conclusion that fluoride at levels used in this 
experiment have no effect on calcification of allogenic 
bone implants. 
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LITERATURE REVIEW 
ALLOGRAFTS 
Reconstruction of the periodontium destroyed by perio-
dontitis is a major goal in periodontal therapy. A large 
number of clinical and animal studies have shown promise in 
aiding in the restoration of lost alveolar bone. The limita-
tions in advancement of knowledge on bone transplantation 
are due mainly to limitations of the techniques used for in-
vestigation. Because of the variety of model systems, animal 
types and bone used, many methods do not allow for objective 
evaluations. 
An ideal model system would have a standardized defect 
in bone that is reproducible and, unless grafted, heals slowly 
or not at all. Many researchers use non-bony sites for im-
plantation in an attempt to better evaluate new bone forma-
tion. This eliminates host skeletal tissue from influencing 
the graft, but it also creates a more artificial situation. 
It is not known if such sites form new bone in a similar way 
to skeletal ones. 
The non-skeletal (heterotopic) sites used are subcutan-
1, 2 3 4 5 
eous tissue of the ear and ' ' anterior chamber of 
the eye 6 • spleen 7 • various skeletal muscles 5 , 8 , 9, lO, 
11, 12, 13, 14, . f h 16 and depressions in the roots o the teet . 
The skeletal (orthotopic) sites used for receiving a 
17, 18 
bone graft are circular defects in the cranium and 
3 
palate 19 , maxilla-facial defects 20 , rectangular and cir-
cular defects into the marrow cavity of long bones 21 , 22 , 
23, 24 d ·1· 25 i 1 d 1 d f i an 1 ium , c rcu ar an rectangu ar e ects n 
the 
28, 
34, 
mandible 22 , 27 , fresh and chronic periodontal defects, 
29, 3o, 31 , 32 , 33 discontinuity defects in long bones 
35 and the mandible 36 , and for onlay grafts and milli-
pore filter chambers, intact surfaces of long bones and the 
mandible. 37, 38, 39, 40, 41 
Most of the long bone and mandibular circular and rec-
.tangular defects into the marrow cavity fill with new bone 
when not grafted. The presence of marrow cells adjacent to 
the defect seems to be a major factor in the rapid healing 
observed in these defects. The endosteum proliferates and 
new bone bridges the defect in as few as seven days. 22 • 42 
It is no wonder that some papers conclude that grafted bone, 
no mater what type, seems to mechanically obstruct and delay 
. 22 42 
the healing of grafted sites. ' 
Bone defects created in cortical bone of the cranium 
and palate show delayed healing compared to defects adjacent 
19, ~3 
to marrow. There is no endosteum to rapidly bridge 
the defect. After twelve weeks a one-millimeter diameter 
defect in the palate of mice is not completely bridged. 
19 
Large maxilla-facial discontinuity gap defects have also 
h d 1 d h 1 . 20 sown e aye ea ing. 
4 
Large discontinuity gap defects in long bones and the 
dibl i . i f h i d 34, 44, 45 man e ma ntain non-un on o t e oppos ng ens. 
This is the best type of defect to use. If a defect is 
bridged, it is clearly due to the presence of the graft. 
The most commonly used method of evaluation of a grafted 
site is conventional histology. Other methods used are ro-
entgenographic, radioisotope labeling of bone cells and matrix 
4, 12, 46 and breaking strength of a healing callus. 40 . 
Clinical evaluation used are level of inflammation of the 
overlying soft tissue 47 , exfoliation of graft particles 29 , 
return of normal function, 48 , 49 , 5o, 51 degree of mobility 
of the site, roentgenograms, and level of connective tissue 
28, 29, 30, 33 
attachment to an adjacent tooth. 
Most investigators rely heavily on their subjective 
ability to interpret the sequence of events in a grafted 
site. The consensus of their observations is that the follow-
ing sequence occurs. First, there is a revascularization of 
the graft where host vessels extend into the graft. Second, 
the graft is incorporated or attached to the host's bone by 
a cement line. Third, the graft undergoes substitution or 
replacement as the graft is remodeled by continuing substitu-
tion and replacement until all the graft is resorbed and the 
new host bony architecture conforms to that of the surround-
ing bone. Most investigators use some form of these four 
basic stages of healing and describe when each stage is 
5 
observed with various grafting materials. The better materials 
are the ones that proceed most rapidly through these stages. 
Anderson, et al., studied the histology of 16 fresh 
autografts and three frozen allografts on the spine of humans. 
Times of observations were up to 13 years after grafting. 
He found that at seven years grafted fresh autogenous can-
cellous bone still remained. At 13 years frozen allograft 
was partially substituted and remodeled, but that no replace-
ment compact bone had occurred. All the grafts had previously 
been considered successful by clinical criteria. He concludes 
that the criteria for success in animal studies might not be 
entirely applicable to humans since no grafts were observed 
to be completely remodeled and replaced. 52 
New bone formation in a grafted site is subjectively 
evaluated in most histological studies. The works are little, 
scanty, moderate, much large, and profuse. 4, 9, 13, 20, 22, 
24, 39, 40, 53, 54, 55 Some studies use semi-quantitative 
evaluations of new bone formation. Scales are used to re-
present 0-precent, 0-25 percent, 25-50 percent, and greater 
than· SO-percent new bone formation in a bony defect. lO, 34 , 
38
, 
56 Only a few studies use quantitative measurements to 
evaluate their histology. 19, 21, 35, 57 
In many studies, new bone can be seen in apposition to 
graft fragments as healing progresses in a bony defect. 
However, this cannot be regarded necessarily as indicating 
6 
an effect of the graft if non-implanted defects also show 
considerable new bone. In those implanted defects, it would 
be misleading to regard the graft as causing new bone for-
mation.55 
Roentgenograms are often used to evaluate the results 
of bone grafting. 20, 30, 28, 33, 34, 35, 48, 55, 56, 58, 59 
In animal studies they are used in conjunction with histology. 
Roentgenograms show the outline and density of the calcified 
• 
matrix of bone, but by themselves give no indication of 
whether the bone contains viable cells. In human periodontal 
bone grafting, long-cone technique and a fixed film position-
er have been used in order to give comparable films. But 
it is still difficult to accurately measure changes in 
successive films of the same area. 60 
The rejectton of an allograft leaves the host in a state 
of heightened innnune resistance that may last for months. 
There is experimental evidence that fresh allografts of iliac 
cortical and cancellous bone with and without red marrow. 
He found red marrow alone or with bone caused enlargement 
of local lymph nodes and more rapid rejection of a second 
skin graft. He concluded that skin and bone have antigens 
in coilllllon and that the principal antigenic fraction of a 
whole lies in the nucleated cells of the red marrow. The 
weak antigenicity of cortical bone is probably due to the 
osteocytes in its matirx. 3, 9, 60 
7 
Chalmers, using fresh allogenic iliac cancellous bone 
and red marrow placed in skeletal muscle, showed decreased 
surit,ival times of secondary skin grafts. He concludes that 
the early phase of osteogenesis arises from the grafted red 
marrow cells (0-18 days). Later, the host's immune response 
destroys the grafted cells. The late response of bone for-
mation (4 weeks) arises from an inductive effect of the 
grafted bone matrix on the host's osteogenic cells. Fresh 
autogenic grafts of red marrow, cancellous and cortical 
. 11, 58 bone do not cause an innnune response. 
Ray and Sabet used trit.iated thymidine to label cellular 
DNA in grafts of immature whole mice femurs. Other mice 
were labeled after the graft procedure. Fresh isografts 
and allografts were compared two weeks later. They demon-
strated that isograft bone cells survived the transplantation, 
host cells invade the graft, and considerable growth of the 
femurs occurs. Allografts show survival of a few cells, no 
incorporation of host cells and less growth of the femurs. 
They conclude that allograft cells at two weeks are being 
destroyed by an innnune response. 4 
Haitt studied fresh allografts of iliac cancellous 
bone and red marrow placed in a depression in canine teeth 
of dogs. After grafting, full muco-periosteal flaps were 
replaced and sutured. ~ Six dogs received antilymphocyte 
8 
globulin (ALS) to destroy thadog's ability to give an inunune 
response. Six other dogs did not receive ALS. Histology 
of the site was the same for both groups. New cementum 
formed and ne,1 bone surrounded the graft particles. Reattach-
ment of the periodontal ligament occurred and no rejection 
of the graft was observed. However, healing of control de-
fects was not reported. 
Whole allogenic bone has been frozed, freeze-dried, 
irradiated, decalcified, deprotenized, boiled, and placed 
in merthiolate in an attempt to reduce its antigenicity and 
still maintain the maximum possible osteogenicity. All 
methods do decrease its antigenicity, probably through kill-
ing the bone cells. l, 3 , 8 Freeze-dried, frozen, and de-
calcified allogenic bone have been found to aid in osteoge-
nesis. Irradiating, deprotenizing, boiling, repeated freezing 
and placing in merthiolate are not associated with signifi-
cant new bone formation in most studies. lO, l7, 34, 46 
Heiple, Chase, and Herndon studied the ability of 
variously preserved allograft cancellous bone and red marrow 
to bridge large ulnar discontinuity gaps in 116 dogs. Non-
grafted defects do not heal. Fresh autograft controls are 
used onthecontralateral leg. Histologic comparisons of 
control and experimental graft site are made within each 
animal. Grafts were followed up to one year later. They 
conclude that freeze-dried allografts and fresh autografts 
9 
healed equally well bridging the gap. On their arbitrary 
scale of evaluation of healing, frozen and decalcified 
alogenic bone had 65% of the healing of the autograft con-
trols with a slight lag in repair.34 
Hurt grafted eight chronic, artificially created perio-
dontal defects in four dogs with freeze-dried allogenic 
cancellous bone. Histologically be observed new bone forma-
tion in graft sites. However, histology of non-grafted con-
trol defects is not reported. 29 
Rass~owska grafted chronic, surgically created perio-
dontal defects in four dogs. He states that fresh autogenous 
bone and freexe-fried bone and cartilage equally induced 
fill of the defects.32 
Boyne reports that histology of large, three-centimeter 
discontinuity defects of the mandible in one dog at eight 
weeks. A fresh iliac autograft of cancellous bone and red 
marrow bridges the gap with new bone while a freeze-dried 
allograft of similar bone does not.44 
Puranen grafted whole ribs to the femur of 118 rabbits. 
Tetracycline labeling and conventional histology are used 
up to six months after grafting. He concludes frozen allo-
grafts are slowly resorbed, show delayed new bone formation, 
and form less new bone than fresh autografts. 39 
Kramer grafted chronic, artificially created periodontal 
defects in six dogs. Allogenic cancellous bone and red 
10 
marrow were preserved in 1:1000 merthiolate. He reports 
1.5-8unn. of new attachment. 30 
Urist implanted freeze-dried decalcified allogenic bone 
matrix (FDAB) intramuscularly in 100 rats and 500 rabbits. 
Ninety percent of the grafts induce new bone formation in 
21 to 24 days. Other tissues such as dentin, cartilage and 
urinary bladder epithelium also induce new bone. Implants 
of glass do not form new bone. Induction- is a physiochemical 
effect of one tissue in contact with another causing cellular 
differenti~tion. From his results he concludes that the 
bone-inducing substance may be an acid-insoluble protein.56 
Craven and Urist studied osteogenesis induced by decal-
cified allogenic bone matrix (DAB) placed intramuscularly 
in rats. They conclude that the precursors of osteoblasts 
in a muscular site are a migratory population of maeboid 
muscle mesenchymal cells, not vascular cells. 12 
Narang, Lloyd, and Wells have found that DAB used as 
mandibular onlay grafts stimulated new bone formation and 
is not exfoliated if cortical and not cancellous bone is 
used. 61 In five-millimeter midfibular discontinuity gaps 
in rats they find DAB to induce gap closure and complete 
graft replacement in 14 weeks. Controls do not heal and 
decalcified xenogenic bone matrix grafts were rejected in 
h . · f h . 1 35 t e maJority o t e anima s. 
11 
Narang and Wells studied healing of fresh, surgically 
created periodontal defects in 27 dogs. Controls and DAB 
grafts were compared using tetracycline labeling and con-
ventional histology. Quantiation was not done, but grafted 
sites were observed to form more bone than controls. 
Jones, et al., used DAB grafts in mandibular defects 
in dogs. Extensive new bone is observed in ten weeks. 
However, controls are not reported and they concluded that 
their model system could not show any effects of the graft. 53 
Boyne. and others have stated that preserved bone does 
not induce the host to form new bone, but passively offers 
a surface over which the host can vascularize and form bone. 
62, 63 
Boyne has combined freeze-dried allogenic bone with 
fresh autogenous marrow to successfully restore edentulous 
alveolar ridge height and form bone in millipore filter 
chambers placed on long bones and intramuscularly in dogs. 41 
Nade combined frozen, freeze-dried, and decalcified 
I 
allogenic bone with fresh autogenous marrow. Grafts are 
placed intramuscularly in rabbits. More bone is formed when 
each preserved material was used with fresh marrow than when 
h db d alone. 13 t e preserve one was use 
Burwell also combined various preserved bone with fresh 
autogenous marrow. Grafts were placed intramuscularly in 
rats. He concluded that the best combinations are frozen 
or freeze-dried allogenic bone with fresh marrow. 10 
12 
' 
Clinical use of bone allografts was stopped in the 
· 64 1940's as the discovery of the innnune reaction. However, 
Macewen's (1881) successful fresh human allograft caused 
a few investigators to try other causes. 
Chase and Herndon review the bone grafting l i terature 
prior to 1955. They conclude that preserved allografts 
used to reinforce spine fusions, or other joint arthrodeses, 
to stimulate union in delayed union and non-union of fractures, 
and to fill bone defects give results roughly comparable to 
similar ca$es treated with fresh autogenous bone grafts. 65 
Wilson using refrigerated bone allografts in 248 human 
skeletal defects reports 85% success. 66 Valkov reports 
good results in 1800 operations in Russia using frozen 
allograft bone. 5° Cross grafted frozen allogenic bone into 
periodontal defects of 20 patients. The defects were curet-
ted, roots planed and the defect filled to crest and flaps 
sutured. Included in the results are three autografts and 
four deprotenized xenografts. Eleven Pockets had substantial 
fill eleven limited fill, and five no fill. 28 Cross describes 
the -histology of one allograft 3 1/2 months after grafting. 
No inflannnatory cells are seen and new bone is surrounding 
67 the graft. 
Marble reports on 91 cases of freeze-dried allografts 
placed in cystic defects of the jaws. Defects were larger 
than two centimeters and patients followed for up to nine 
13 
years post-operatively. He finds 82% of the cases success-
fully restored the lost bone without complications. ntere 
was no evidence of graft rejection. He concludes that 
freeze-dried bone is an excellent substitute for fresh auto-
59 grafts. 
Boyne and Cooksey concur with Marble 68, 69 and also 
showed successful use of freeze-dried allogenic bone for 
70 
the restoration of alveolar ridges in humans. 
Sharrad and Collins report the successful surgical 
treatment .of three scoliotic children with DAB. Urist also 
reports successful use in 21 patients with skeletal defects. 56 
Schallhorn and Hiatt treated 194 periodontal defects 
in 20 patients with cryopreserved allogenic cancellous bone · 
and red marrow. Patients were tissue typed for the major 
histocompatibility gene in man (HLA), for blood type, and 
matched with the donor material. Clinical photographs, level 
of connective tissue attachment and roentgeograms were used 
to evaluate the results. All grafted areas were not amen-
able to other reattachment procedures. There was a mean of 
3.07nnn increased in bone height. No root resorption was 
observed. Biopsies of three grafted area at 1, 2, and 16 
months showed no evidence of an immune reaction and new bone 
d . d 1 · the f 33 , 7 surroun ing an rep acing gra t. 
14 
FLUORIDE AND BONE 
The inorganic compounds of fluorine are widely distri-
buted in nature; high concentrations are found in volcanic 
rock and, especially, in rock containing phosphates; the 
erosion of these rocks is responsible for the.presence of 
fluorides in soil, fresh water and the sea. Fluorine com-
pounds are used in industry, and their use is increasing. 
Several common drugs, including anesthetics, contain fluorine, 
and sodium fluoride has recently been employed in the treat-
ment of rarefying bone disease. 
The addition of fluoride to domestic water supplies, 
as a prophylactic against dental caries, has enhanced the 
importance of fluoride considerabl~7 , and has been the impetus 
to a world wide investigation of its effects. Despite the 
large volume of research, however, the effects of fluoride 
on bone are complicated and are still not fully understood. 
Carlson et al. (1960), using tracer doses of radiofluor-
ine in human subjects, found that the isotope entered the 
blood extremely rapidly when given by mouth. 72 The absorp-
tion of fluoride from the alimentary tract depends upon the 
solubility of the compound and the other ions present. 
Weddle and Muhler (1954). 73 and Wagner and Muhler (1960) 74 
found a decreased retention of fluoride in the carcasses of 
rats when calcium was fed with the fluoride, and that the 
faecal fluoride was consequently raised (Weddle and Muhler 
1957). 75 
15 
Three-quaters of the fluoride present in the blood is 
carried by the plasma (Carlson et al, 1960), 76 and the level 
of fluoride in the plasma is determined mainly by the rate 
of absorption from the gut, excretion by the kidney and the 
uptake by calcified tissues (Armstrong, 1960). 77 
Glock in 1941 found that fluoride uptake in bone in-
creased with the increase of fluoride consumption. 78 Daniel 
(1973) demonstrated that calcification increased with an in-
crease in fluoride intake. 79 Zipkin et al (1958) found that 
with a ra~ge of 0.1 to 8 p.p.m. fluoride in the water supply, 
the logarithm of the water concentration plotted against the 
logarithm of the concentration in bone approached a rough 
linearity.BO 
Wallace-Durbin (1954) used radiofluorine as a tracer 
and found that, four hours after ingestion, the concentration 
of fluoride in the hard tissues was maximal, with little 
81 
remaining in the soft tissues or the blood. Using this 
radio-isotope in lambs, Perkinson et al. (1955) showed that 
~e . distribution pattern was similar to that of radio-
active calcium: in long bones, autoradiograms showed a 
preferential deposition of radiofluorine in the primary 
spongiosa beneath the growth cartilage, a generalized 
spotty distribution in trabeculae and a linear distribution 
82 
on endosteal and periosteal surfaces. Uncalcified cartil-
age, however, shows no affinity for radiofluorine (Zipkin 
16 
and Scow, 1956). 83 They also showed that there was no rela-
tionship between calcification and deposition of fluoride in 
the tibia. They found the normal ash content of the tibia 
to be 64%. Likins in 1956 found that fluoride had no effect 
h 1 · · h .b · h h 
84 
on t e ca cium int e ti ia or teas content. 
Hodge suggested in 1956 that as the hydroxyl group of 
the bone apatite and the fluoride ion are the same size, one 
could be substituted for the other. 85 Posner and his co-
workers, using X-ray diffraction analysis, have produced 
evidence that the fluoride ion substitutes for the hydroxyl 
ion in the apatite phase and claim that the resulting ionic 
bond, between fluorine and each of the three coplanar calcium 
ions on the six-fold screw axis of the apatite structure, is 
shorter and more stable than when the hydroxyl ion occupied 
the same position. This substitution also leads to an in-
crease in the bone apatite crystal size in a direction 
perpendicular to the c-axis (Posner et al., 1963). 86 Posner 
et al. (1965) have suggested that, as the rate of reaction 
between a crystal solid and a solution is inversely propor-
tional to the size of the crystals, the larger crystal size 
of bone apatite, resulting from fluoride impregnation, 
produces a more stable mineral system. 87 In addition, as 
the substitution of fluoride for hydroxyl ions produces a 
compound less soluble in water, they infer that fluoride 
has a stabilizing effect on bone, and analogously reduces 
17 
the susceptibility of enamel and dentine to the biochemical 
attack resulting from caries. Singer in 1969 and Zipkin in 
1972 showed that the fluoride content of the femur can be 
used to predict with accuracy the fluoride content of other 
88 
calcified tissue. 
Largent (1954), in balance studies in man, found that 
when extra fluoride is ingested _. about half is bound by bone 
and the remainder is excreted in the urine. 89 He had pre-
viously shown that a subject receiving 12 mg of fluoride 
daily and.then returning to a normal level of 0.4 to 0.8 mg 
daily continued to produce greater than normal quantities of 
fluoride in his urine: in: Xbe fifty-third week after stopping 
fluoride dosage the total output of fluoride exceeded the 
total input by 7 mg; after ninety-six weeks, output exceeded 
input by 3 mg (Largent, 1952). 90 
Polydipsia and polyuria have been demonstrated in rats 
receiving 5-15 mg Fl per day by Bond and Murray (1952). 91 
The excretion of fluoride by the kidney exposes this organ 
. 
to a special risk of damage from its toxic action: Bond 
and Murray (l.c.) found shrunken, nodulated kidneys in their 
rats, with replacement of tubules by fibrous tissue after 
prolonged periods of fluoride administration: Pindborh (1957) 
has demonstrated renal tubular necrosis in rats from concen-
tration of 125 p.p.m. fluoride in the diet. 
18 
However, the comparative resistance of rats to the 
effect of fluoride is important in view of their frequent 
use as experimental animals. Faccini has found that 200 p.p. 
m. fluoride in the drinking water profoundly affected sheep 
and rabbits, whereas the same dose did not appear to be very 
harmful to rats, who continued to breed and produce litters 
of normal numbers. Naylor and Wilson (1967) found that doses 
of up to 250 p.p.m. fluoride, added to the drinking water 
for as long as 52 weeks, did not alter the radiographic 
appearance, ash content or breaking stress of rat bone. 92 
In contrast, a significant reduction in the breaking stress 
of femoral bone has been observed in rabbits that received 
200 p.p.m. fluoride in their drinking water for 8 weeks. 
Changes have been observed in rat bone, however, par-
ticularly if the fluoride is administered for a long time. 
Rockert and Sunzel (1960~~howed that rats fed 0.7 to 1 mg 
sodium fluoride per day developed osteosclerosis in their 
vertebrae, femur and mandible and eventually developed into 
large resorption cavities (Rockert, 1963). 94 
The effects of very large doses of fluoride, 1,000 p.p.m. 
appear to inhibit bone growth. Comar et al. (1953) noticed 
a reduction in trabecular bone and numbers of chondrocytes, 
95 
although this has been observed in sheep on lower dosage 
(Faccini, 1965) 96 and in tissue culture (Proffit and Ackerman, 
1964). 97 Belanger et al. (1958), also using 1,000 p.p.m. 
19 
luoride on young pigs, noticed a beading of the ribs rem-
iniscent of rickets, both macroscopically and microscopi-
98 
cally. 
Kristofferson et al. (1970) pointed out the toxic 
effects of high fluoride doses using 15 male weanling rats. 
99 They were fed 45 p.p.m. fluoride while a control group 
was given 0.02 p.p.m. fluoride. He reported that the high 
intake group had no protection against alveolar bone resorp-
tion. 
The ~requent description in the literature of large 
resorption cavities with fibrous tissue replacement suggest 
that the parathyroids were overactive in skeletal fluorosis, 
and this was demonstrated by an electron-microscopic study of 
the parathyroid glands from fluorotic sheep and a concomitant 
immuno-assay of the amount of circulating parathyroid hor-
mone, which was found to be as much as five times higher 
than resting levels and control levels. The serum calcium 
remained within normal limits (Faccini and Care, 1965).lOO 
Studies using growing rabbits revealed that fluoride, prob-
ably by producing a more stable mineral system, i.e., 
fluoroapatite, reduced the resorption of the bone containing 
it, with a resultant increase in the resorption of normal 
non-fluoride containing bone (Faccini, 1967).lOl 
Evidence that fluoride-containing bone can resist re-
sorption has been provided by Havivi and Guggenheim (1966), 
20 
who found that fluoride bone from ice had a reduced Ca re-
lease, compared to control bone, when the animals were given 
injections of parathyroid extract for two weeks. 102 
Haddad et al. (1970) using 5 day mouse calvaria demon-
strated that fluoride inhibits bone reorption in tissue cul-
103 
ture. He suggested that fluoride increases the stability 
of bone mineral protecting it and collagen matrix from the 
action of resorbing cells. 
Hars and Massler (1972) in a histologic study involving 
77 rats demonstrated that fluoride inhibits bone resorption. 
104 West and Storey (1972) suggest that the presence of 
fluoride accelerates the transformation of CaP from the 
amorphous phase to the crystalline phase. 105 
21 
MATERIALS AND METHODS 
PART ONE - RAISING THE EXPERIMENTAL ANIMALS 
Twenty-five white male rats were received from the 
Charles River Animal Laboratories as weanlings. These were 
divided into three groups. Two with eight members and one 
with nine members. All of the animals were put on a special · 
low-fluoride casein diet (see Table 7). The group of nine 
rats also had fluoride at 25 p.p.m. added to their drinking 
water from the start of the experiment. All other animals 
received deionized water. The rats were allowed to mature 
to a weight of approximately 280 grams. At this time the 
second part of the experiment was started. 
PART TWO - IMPLANTATION OF DECALCIFIED ALLOGENIC BONE 
Decalcified allogenic Hones were prepared by the method 
of Narang, Lloyd, Wells (35). Each rat was treated as 
follows: (~~e photos ~ages). (a) The hind legs were shaved 
and the rat anesthetized with chloroform, (b) An incision 
was made in the leg and the skin disected with scissors, 
(cY the muscle was bluntly disected away and the fibula 
was exposed, (d) a 4-5nnn portion of the fibula was removed 
and in the left legs it was replaced with a equal length of 
decalcified allogenic bone, (e) the right legs were not 
implanted and acted as controls, (f) the muscle was then 
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. 
sutured closed with 5-0 gut suture and the skin incisions 
were closed with stainless steel clamps, (g) the ears of 
each animal were marked for identification and the animals 
put back in their cages. 
At this stage of the experiment one of the groups of 
eight rats was also put on drinking water containing 25 
p.p.m. fluoride the same as the first group of nine. The 
diet remained the same. 
PART THREE - RADIOGRAPHIC FOLLOW-UP OF CLACIFICATION 
At specified intervals occlusal radiographs were taken 
of each leg of each animal to verify the calcification of 
the implants and to see if any of the non-implanted control 
I , 
legs had joined and calcified (see Photos Pages 13 - 37 ). 
Each radiograph was labeled with the group; i.e. fluoride 
from the start, or fluoride added at time of implantation, 
or no fluoride added, and with the number of the animal so 
that if any of the animals failed to make it to the comp-
letion of the experiment those results could be eliminated 
from the data. The experiment was followed in this manner 
for a total of ten weeks. 
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PART FOUR - PERCENT ASH, MG% CALCIUM AND P.P.M. FLUORIDE/MG. 
DETERMINATIONS 
At ten weeks after the implantation all animals were 
sacrificed and the legs severed and skinned. All legs ~iere 
wrapped in aluminum foil, marked, and autoclaved for thirty-
five to forty minutes. Innnediately after autoclaving the 
legs uere unwrapped and defleshed completely. 
The leg bones were then placed in small glass bottles 
and labeled and dried overnight in the oven at 150° F. 
I 
(see Photos Pages 10 - 12 ). The next day the implant sec-
~ 
tions were severed from the fibias by high speed burs and 
a mid portion of the adjacent tibias of approximately the 
same length as the implant was sectioned out with a high 
speed bur as well. 
The implant and tibial sections were then placed in 
smaller glass vials and enough chloroform added to cover 
the sample. The samples sat in this bath overnight to 
defat them. The bones were again dried in the oven over-
night and upon removal were ready for percent ash determina-
tions. 
All samples were placed in small aluminum pre-weighed 
0 pans, labeled, and ashed at 600 C for 24 hours. The pans 
were then weighed again and the percent ash calculated. 
Half of the ashed samples of the implants and half of the 
ashed samples of the tibias were then handled by the method 
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of Copp, D.H. (j. Lab. Clin. Med. 61:1029, 1963) for the 
determination of calcium. The other half of the implants 
and the tibias were handled by the method of Barnes, F.W. 
and Runcie, J. (J. Clin. Path. 21:668-676, 1968) for the 
determination of fluoride. (see tables 1-6 for all of the 
above). 
25 
RESULTS AND DISCUSSION 
Effect of Fluoride on Calcification of Allogenic 
Implants as Determined Radiographically: 
In the illustrations we have included photos of one 
complete set of radiographs on the animal from each of the 
three experimental groups (ie.; fluoride throughout, no 
fluoride, and fluoride added at time of implantation), at 
one, three, five, seven, and ten weeks. Also seen is a 
photo of the ten week implant and control leg for all animals 
in the experiment. 
From the photos of the implants and controls at ten 
weeks one can see that all the implants appear to be cal-
cified by this time. From perusal of all the radiographs 
it was our general opinion, however, that the implants 
either started calcifying earlier of were more dense at an 
earlier stage in the animals that had 25 p.p.m. fluoride 
in their drinking water from the start of the experiment. 
It is interesting to note that the only two control 
legs that filled on their own were also in the fluoride-
feed animals. This, however, may be due to an inadequate 
segment of bone being removed initially. It is our impres-
sion, however, that all the control legs had at least 3-4 mm. 
length of bone removed. 
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Effect of Fluoride on the Ash Content of Allogenic 
Implants and Tibias: 
By referring to Table 1, one can see that the mean ash 
content percentage for the No Fluoride group is 62.3%, for 
the Fluoride group it is 57.1%, and 56.3% for the Fluoride 
Added at Time of Implantation. It appears that the percent 
ash content is higher for the No Fluoride group. However, 
noting the standard deviations of± 2.7%, ± 4.2%, and+ 3.1% 
respectively for the above groups one must interpret that 
the difference is not significant. We must, therefore, con-
clude that the percent ash content of the implants is not 
significantly effected either positively or negatively by 
the level of fluoride used in this experiment. 
Table 2 gives the percent ash content of the adjacent 
tibias. The mean values. for the No Fluoride, and Fluoride 
Added at Time of Implantation groups are 72.5%, 72.2%, and 
69.6% respectively. Again by referring to the standard 
deviations of+ 5.8%, + 3.0%, and+ 0.9% of the three groups 
- - -
one must conclude that the mean values are in very close 
ranges to one another. Our conclusion is that there is 
no significant difference in the ash content of any of the 
three groups of tibias directly relating to the levels of 
fluoride used in this experiment. 
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Effect of Fluoride on the Mg% Calcium of the Allogenic 
Implants and the Adjacent Tibias: 
Tables 3 and 4 give the mg% calcium for the implants 
and the adjacent tibias. The mean values for the implants 
in the three groups are 32.6%, 34.8%, and 34.0%. The stan-
dard deviations for the groups are ±2.2%, ± 4.5%, and+ 
5.1% respectively. Our conclusion is that there is no 
significant difference between the three groups of the im-
plants iri their mg% calcium levels. Table 4 shows that the 
mean mg% calcium values for the tibias were 40.2%, 35.5%, 
and 34.3% with standard deviations of+ 4.6%, ± 2.2%, and 
± 4.1% respectively. Again we conclude that there is no 
significant difference between the mg% calcium levels of 
the tibias. In conclusion, it appears that there is no 
significant difference between the mg% calcium levels of 
the three groups of animals in the implants or the tibias. 
Tables 5 and 6 show that there was a significant dif-
ference in the levels of fluoride in the bone between the 
No Fluoride group and the others of both the implants and 
the tibias. In the implants there was eleven times more 
fluoride in the other groups than in the No Fluoride group. 
In the tivias there was fifteen times more fluoride in the 
Fluoride group than the No Fluoride group and six and one-
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half times more in the Fluoride Added at Time of Implanta-
tion than in the No Fluoride group. So even with signi-
ficant differences in the levels of fluoride in the bone 
there was no significant difference in the mg% calcium of 
the bones. 
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TABLES 
TABLE I 
PERCENTAGE ASH CONTENT OF IMPLANTS 
Treatment ' Sample No. Percent Ash Mean Standard Deviation ' 
No Fluoride 1 65.8 . 
-
. . 
Added 2 58.9 
3 60.7 
4 65.2 62.2 + 2.7 
5 63.3 -
6 64.0 
7 60.1 
8 59.3 
-25 ppm Fl 1 52.5 
Added to 2 62.8 
Drinking 3 59.3 
Water 4 58.8 57.1 + 4.2 Throughout 5 51.9 -
Experiment 6 61.9 
7 54.0 
8 55.8 
-25 ppm Fl 1 59.9 
Added to 2 55.9 
Drinking 3 51.7 56.3 + 3.1 
-Water At 4 Destroyed 
Time of 5 57.5 
Implanta- 6 59.1 
tion of 7 52.9 
Decalcified 8 57.5 
Allogenic 
Material I 
' 
Treatment Sample No. 
No Fluoride 1 
Added 2 
3 
4 
5 
6 
7 
8 
25 P.P.M. 1 
Fluoride 2 
Added to 3 
Drinking 4 
Water 5 
Throughout 6 
Experiment 7 
8 
25 P.P.M. 1 
Fluoride 2 
Added to 3 
Drinking 4 
Water at 5 
Time of 6 
Implanta- 7 
tion of 8 
Allogenic 
Bone 
TABLE II 
PERCENT ASH OF TIBIAS 
Percent Ash 
71.0 
71.6 
66.6 
72.5 
Destroyed 
69.3 
84.8 
71.5 
71.5 
72.5 
79.2 
72.6 
70.4 
71.0 
70.6 
' 69.7 
71.6 
68.5 
69.2 
Mean 
.. 
72.5 
72.2 
70.2 69.6 
69.3 
69.4 
69.0 
69.4 
.· 
I Standard Deviation I 
+ 5.8 
-
+ 3.0 
-
+ 0.9 
. 
-
. 
TABLE III 
MG% CALCIUM OF IMPLANTS 
. 
Treatment Sample No. Mg% Calcium Mean . Standard Deviation . 
No Fluoride 1 34.2 
Added 2 31.3 32.6 + 2.2 
3 = 34.9 -
4 30.3 
25 P.P.M. 1 38.0 
Fluoride 2 38.1 34.8 + 4.5 Added to 3 34.7 -
Drinking 
Throughout 
4 28.6 
Experiment 
25 P.P.M. 1 39. 3 
Fluoride 2 33.6 34.0 + 5.1 Added to 29.1 -3 
Drinking 4 Destroyed 
Water at 
Time of 
Implanta-
tion of i-
Declaci-
fied Allo-
genie Bone 
TABLE IV 
MG% CALCIUM OF TlBIAS 
Treatment Sample No. Mg% Calcium · Means . Standard Deviation • 
No Fluoride 1 37.5 
Added 2. 40.1 40.2 + 4.6 
3 36.5 -
4 -- 46.7 
25 P.P.M. 1 35.9 
Fluoride 2 37.4 35.5 + 2.2 
Added to 3 32.4 -
Drinking 4 36.3 
Water 
Throughout 
Experiment 
25 P.P.M. 
Fluoride 
Added to 1 37.6 
Drinking 2 36.5 34.3 + 4.1 
-Water at 3 34.8 
Time of 4 28.4 
Implanta-
tion of 
Decalci-
fied 
TABLE V 
P.P.M. FLUORIDE/MG ! ASHED 1?1.PLANT 
)I 
-rrreatment . Sample No. P.P.M. Fl /Mg. Mean . Standard Deviation . 
. 
No Fluo- 5 0.0022 
ride 6 0.0028 0.0027 + 0.0004 
Added 7 0.0032 -
8 0.0025 
25 P.P.M. 5 0.0363 
Fluoride 6 0.0228 0.0296 + 0.0065 
~dded 7 0.0340 -
rrhroughout 8 0.0253 
Experiment 
rl5 P.P.M. 5 0.0233 
Fluoride 6 0.0280 0.0280 + 0.0053 
~dded at 7 0.0236 -
rime of 8 0.0372 [mplanta-
tion Allo-
genie Bone 
TABLE VI 
P.P.M. FLUORIDE/MG. ASHED TIBIAS 
Treatment 
' 
Sample No. P.P .N. Fl-/Mg. Mean Standard Deviation 
-
No Fluo- 5 Destroyed 
ride 6 0.0015 0.0014 + 0.0001 
-Added 7 0.0013 
8 0.0013 
-
25 P.P.M. 5 0 . 0121 
Fluoride 6 0.0146 
Added 7 0.0348 0.0206 + 0.0089 
Throughout 8 -0.0233 
Experiment 0.0181 .. 
25 P.P.M. 
Fluoride 5 0.0085 
Added at 6 0.0095 0.0091 + 0.0008 
Time of 7 0.0083 -
Implanta- 8 0.0100 
tion of 
Decalci-
fied Allo-
genie Bone 
TABLE VII A 
FLOURIDE-FREE DIETS 
Ingredient % of Diet Grams/Kg 
Dextrin 20.0 200 NBC 
Corn Starch 20.0 200 NBC 
Sucrose 18.6 206 Domine 
Casein 20.0 200 NBC 
Corn Oil 10.0 100 Magola 
Cellulose 5.8 50 GB! 
Salt Mix-Hegsted* 4.0 40 NBC 
Choline Chloride 0.2 2 Sigma 
Inositol 0.1 1 Sigma 
Vitamin Mix* 0.1 1 + 
*See Separte Sheet 
NBC - Nutritional Biochemicals 
GB! - General Biochemicals Non-Tcklad Mills 
TABLE VII B 
VITAMIN MIX (MIXED UP IN OUR LAB) 
Vitamin G/500g Mix Supplier g/lOOOg diet (mg) 
Thiamin 2.5 Sigma 5.00mg 
Riboflavin 2.5 Sigma 5.00 
Niacin 40.0 NBC (Sigma) 80.00 
Calcium Pantothenate 25.0 Sigma 50.00 
Folic Acid 0.125 Sigma 0.25 
Pyridoxine HCl 2.0 Sigma 4.00 
Biotin 0.1 Sigma 0.20 
Menadione 2.5 NBC 5.00 
Vitamin E Acetate 200. O* GB! 400mg 
Vitamin A 1.0 NBC 26.0 
Vitamin D 2.0 GB! 4.0 
Dextrose • to 55g . Fisher 1000.00mg mix up g.s. 
*This amount based on 250 units/gram. With 500 units/gram, 
only 100 grams used. 
Salt 
CaCO 
3 
CaHP04 .2H20 
CaS04 .sH20 
FeC6H5o7 .sH20 
MnS04 .4H20 
KI 
K2HP04 
NaCl 
TABLE VII C 
HEGSTED IV SALT MIX 
% of Salt Mix 
29.9740 
7.4930 
0.0299 
2.7470 
10.1910 
0.4990 
0.0799 
32.3330 
16. 7350 
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GRAPH 
NO FLUORIDE 
IMPLANT vs. 
FLUORUDE THROUGHOUT 
EXPERIMENT 
FLUORIDE ADDED AT TI:ME 
OF IMPLANTATION 

Picture 1 ............... Experimental Animal 
Picture 2 ............... Skin Incision 

Picture 3 ............... Incision of Superficial Musculature 
Picture 4 ............... Exposure of Fibula 

Picture 5 ............... Removal of 3-4mm section of Fibula 
Picture 6 ............... Decalcified Bone Matrix Implant 

Picture 7 ............... Implant Inserted between cut ends of 
Fibula 
Picture 8 ............... Closure of Musculature with Chromic Gut 

Pitu~e 9 ............. .. Skin Clips 
Picture 10 .............. No Fluoride - Implant 

Picture 11 .............. Fluoride Added - Implant 
Picture 12 .............. Fluoride Throughout - Implant 
DESCRIPTIONS OF PHOTOS OF X-RAYS 
• 
-1. No Fluoride - Implant - 1 week 
Animal 41 3 
2. No Fluoride - Implant - 3 weeks 
Animal 4fa 3 
3. No Fluoride - Implant - 5 weeks · 
Animal 41 3 
4. No Fluoride - Implant - 7 weeks 
Animal# 3 
5. No Fluoride - Implant and Control - 10 weeks 
Animal 4fa 3 
6. Fluoride Throughout Experiment - Implant - 1 week 
Animal 4fa 6 

7. Fluoride Throughout Experiment - Implant - 3 weeks 
Animal# 6 
8. Fluoride Throughout Experiment - Implant - 5 weeks 
Animal# 6 
9. Fluoride Throughout Experiment - Implants - 7 weeks 
Animal# 6 
10. Fluoride Throughout Experiment - Implant and Control 
10 weeks Animal# 6 
11. Fluoride Added At Time of Implantation - Implant 
1 week Animal# 5 
12. Fluoride Added At Time of Implantation - Implant 
3 weeks Animal# 5 
i' 
13. Fluoride Added At Time of Implantation - Implant 
5 weeks Animal# 5 
14. Fluoride Added At Time of Implantation - Implant 
7 weeks Animal# 5 
15. Fluoride Added At Time of Implantation - Implant & 
Control 10 weeks Animal# 5 
16. No Fluoride - Implant and Control 
10 weeks Animal# 1 
17. No Fluoride - Implant and Control 
10 weeks Animal# 2 
18. No Fluoride - Implant and Control 
10 weeks Animal# 4 

19. No Fluoride - Implant and Control 
10 weeks Animal# 5 
20. No Fluoride - Implant and Control 
10 weeks Animal# 6 
21. No Fluoride - Implant and Control 
10 weeks Animal# 7 
22. No Fluoride - Implant and Control 
10 weeks Animal# 8 
23. Fluoride Throughout Experiment - Implant 
and Control 10 weeks Animal# 1 
24. Fluoride Throughout Experiment - Implant 
and Control 10 weeks Animal# 2 

25. Fluoride Throughout Experiment - Implant and 
Control 10 weeks Animal# 3 
26. Fluoride Throughout Experiment - Implant and 
Control 10 weeks Animal# 4 
27. Fluoride Throughout Experiment - Implant and 
Control 10 weeks Animal# 5 
28. Fluoride Throughout Experiment - Implant and 
Control 10 weeks Animal# 7 
29. Fluoride Throughout Experiment - Implant and 
Control 10 weeks Animal# 8 
30. Fluoride Throughout Experiment - Implant and 
Control 10 weeks Animal# 9 

31. Fluoride Added At Time of Implantation - Implant and 
Control 10 weeks Animal# 1 
32. Fluoride Added At Time of Implantation - Implant and 
Control 10 weeks Animal# 2 
33. Fluoride Added At Time of Implantation - Implant and 
Control 10 weeks Animal# 3 
34. Fluoride Added At Time of Implantation - Implant and 
Control 10 weeks Animal# 4 
35. Fluoride Added At Time of Implantation - Implant and 
Control 10 weeks Animal# 6 
36. Fluoride Added At Time of Implantation - Implant and 
Control 10 weeks Animal # 7 
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